Morbidity and Mortality Weekly Report 

www.cdc.gov/mmwr 



Surveillance Summaries December 18, 2009 / Vol. 58 / No. SS-10 



Prevalence of Autism Spectru 
Disorders — Autism and 
Developmental Disabilities 
Monitoring Network, 
United States, 2006 



Department Of Health And Human Services 

CENTERS FOR DISEASE CONTROL AND PREVENTION 



MMWR 



The MMWR series of publications is published by Surveillance, 
Epidemiology, and Laboratory Services, Centers for Disease Control 
and Prevention (CDC), U.S. Department of Health and Human 
Services, Atlanta, GA 30333. 

Suggested Citation: Centers for Disease Control and Prevention. 
[Title]. Surveillance Summaries, [Date]. MMWR 2009;58(No. SS-#). 

Centers for Disease Control and Prevention 

Thomas R. Frieden, MD, MPH 
Director 

Peter A. Briss, MD, MPH 
Acting Associate Director for Science 
James W. Stephens, PhD 
Office of the Associate Director for Science 
Stephen B. Thacker, MD, MSc 
Acting Deputy Director for 
Surveillance, Epidemiology, and Laboratory Services 

Editorial and Production Staff 

Frederic E. Shaw, MD, JD 
Editor, MMWR Series 
Christine G. Casey, MD 
Deputy Editor, MMWR Series 
Susan F. Davis, MD 
Associate Editor, MMWR Series 
Teresa F. Rutledge 
Managing Editor, MMWR Series 
David C. Johnson 
Lead Technical Writer-Editor 
Jeffrey D. Sokolow, MA 
Project Editor 
Martha F. Boyd 

Lead Visual Information Specialist 
Malbea A. LaPete 
Stephen R. Spriggs 
Terraye M. Starr 
Visual Information Specialists 
Kim L. Bright 
Quang M. Doan, MBA 
Phyllis H. King 

Information Technology Specialists 

Editorial Board 

William L. Roper, MD, MPH, Chapel Hill, NC, Chairman 
Virginia A. Caine, MD, Indianapolis, IN 
Jonathan E. Fielding, MD, MPH, MBA, Los Angeles, CA 
David W. Fleming, MD, Seattle, WA 
William E. Halperin, MD, DrPH, MPH, Newark, NJ 
King K. Holmes, MD, PhD, Seattle, WA 
Deborah Holtzman, PhD, Atlanta, GA 
John K. Iglehart, Bethesda, MD 
Dennis G. Maki, MD, Madison, WI 
Sue Mallonee, MPH, Oklahoma City, OK 
Patricia Quinlisk, MD, MPH, Des Moines, LA 
Patrick L. Remington, MD, MPH, Madison, WI 
Barbara K. Rimer, DrPH, Chapel Hill, NC 
John V. Rullan, MD, MPH, San Juan, PR 
William Schaffner, MD, Nashville, TN 
Anne Schuchat, MD, Atlanta, GA 
Dixie E. Snider, MD, MPH, Atlanta, GA 
John W. Ward, MD, Atlanta, GA 



CONTENTS 

Introduction 2 

Methods 3 

Surveillance Methods 3 

Study Sites 3 

Analytic Methods 6 

Results 7 

Overall ASD Prevalence Estimates 7 

Prevalence by Sex and Race or Ethnicity 8 

Special Education Eligibility 9 

Previously Documented Classification of ASD 9 

Cognitive Functioning 9 

Developmental Characteristics 9 

Comparison Between 2002 and 2006 Prevalence Estimates .... 10 

Discussion 1 4 

Changes in ASD Prevalence During 2002-2006 1 5 

Factors Affecting Changes in Identified ASD Prevalence 15 

Strengths of the ADDM Network Methodology 1 7 

Limitations 1 7 

Public Health Implications 17 

References 1 9 

Appendix 21 




Vol. 58 / SS-10 



Surveillance Summaries 



1 



Prevalence of Autism Spectrum Disorders — 

Autism and Developmental Disabilities Monitoring Network, 

United States, 2006 

Autism and Developmental Disabilities Monitoring Network 2006 Principal Investigators 

Abstract 



Problem/Condition: Autism spectrum disorders (ASDs) are a group of developmental disabilities characterized by atypical 
development in socialization, communication, and behavior. ASDs typically are apparent before age 3 years, with associated 
impairments affecting multiple areas of a person’s life. Because no biologic marker exists for ASDs, identification is made 
by professionals who evaluate a child’s developmental progress to identify the presence of developmental disorders. 

Reporting Period: 2006. 



Methods: Earlier surveillance efforts indicated that age 8 years is a reasonable index age at which to monitor peak preva- 
lence. The identified prevalence of ASDs in U.S. children aged 8 years was estimated through a systematic retrospective 
review of evaluation records in multiple sites participating in the Autism and Developmental Disabilities Monitoring 
(ADDM) Network. Data were collected from existing records in 1 1 ADDM Network sites (areas of Alabama, Arizona, 
Colorado, Florida, Georgia, Maryland, Missouri, North Carolina, Pennsylvania, South Carolina, and Wisconsin) for 
2006. To analyze changes in identified ASD prevalence, CDC compared the 2006 data with data collected from 10 
sites (all sites noted above except Florida) in 2002. Children aged 8 years with a notation of an ASD or descriptions 
consistent with an ASD were identified through screening and abstraction of existing health and education records 
containing professional assessments of the child’s developmental progress at health-care or education facilities. Children 
aged 8 years whose parent(s) or legal guardian(s) resided in the respective areas in 2006 met the case definition for an 
ASD if their records documented behaviors consistent with the Diagnostic and Statistical Manual of Mental Disorders, 
4th edition, text revision (DSM-IV-TR) criteria for autistic disorder, pervasive developmental disorder-not otherwise 
specified (PDD NOS), or Asperger disorder. Presence of an identified ASD was determined through a review of data 
abstracted from developmental evaluation records by trained clinician reviewers. 

Results: For the 2006 surveillance year, 2,757 (0.9%) of 307,790 children aged 8 years residing in the 1 1 ADDM sites 
were identified as having an ASD, indicating an overall average prevalence of 9.0 per 1 ,000 population (95% confidence 
interval [Cl] = 8. 6-9. 3). ASD prevalence per 1 ,000 children aged 8 years ranged from 4.2 in Florida to 12. 1 in Arizona 
and Missouri, with prevalence for the majority of sites ranging between 7.6 and 10.4. For 2006, ASD prevalence was 
significantly lower in Florida (p<0.001) and Alabama (p<0.05) and higher in Arizona and Missouri (p<0.05) than in all 
other sites. The ratio of males to females ranged from 3.2:1 in Alabama to 7.6:1 in Florida. ASD prevalence varied by 
type of ascertainment source, with higher average prevalence in sites with access to health and education records (10.0) 
compared with sites with health records only (7.5). Although parental or professional concerns regarding development 
before age 36 months were noted in the evaluation records of the majority of children who were identified as having an 
ASD, the median age of earliest documented ASD diagnosis was much later (range: 41 months [Florida]-60 months 
[Colorado]). Of 10 sites that collected data for both the 2002 and 2006 surveillance years, nine observed an increase 
in ASD prevalence (range: 27%-95% increase; p<0.01), with increases among males in all sites and among females in 
four of 1 1 sites, and variation among other subgroups. 



Interpretation: In 2006, on average, approximately 1% or one child in every 1 10 in the 1 1 ADDM sites was classified as 

having an ASD (approximate range: 1:80-1:240 children [males: 1:70; females: 1:315]). The average prevalence of ASDs 

identified among children aged 8 years increased 57% in 10 sites from the 2002 to the 2006 ADDM surveillance year. 

Although improved ascertainment accounts for some of the prevalence increases documented in the ADDM sites, a true 

increase in the risk for children to develop ASD symptoms 

cannot be ruled out. On average, although delays in identifi- 
Correspondine author: Catherine Rice, PhD, National Center on . . , , c , i ■ j- ji 

, A c i i i nv- i -i- • cation persisted, AS Ds were being diagnosed by community 

Birth Defects and Developmental Disabilities, CDC, 1600 Clifton r > b to i / 

Rd. NE, MS E-86, Atlanta, GA 30333, Telephone: 404-498-3860; professionals at earlier ages in 2006 than in 2002. 

Fax: 404-498-0792; E-mail: crice@cdc.gov. 
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Public Health Actions: These results indicate an increased prevalence of identified ASDs among U.S. children aged 8 
years and underscore the need to regard ASDs as an urgent public health concern. Continued monitoring is needed to 
document and understand changes over time, including the multiple ascertainment and potential risk factors likely to 
be contributing. Research is needed to ascertain the factors that put certain persons at risk, and concerted efforts are 
essential to provide support for persons with ASDs, their families, and communities to improve long-term outcome. 



Introduction 

Autism spectrum disorders (ASDs) are a group of develop- 
mental disabilities characterized by atypical development in 
socialization, communication, and behavior. The symptoms 
of ASDs typically are present before age 3 years and often are 
accompanied by abnormalities in cognitive functioning, learn- 
ing, attention, and sensory processing ( /). The term “spectrum 
disorders” is used to indicate that ASDs encompass a range of 
behaviorally defined conditions, which are diagnosed through 
clinical observation of development. These conditions include 
autistic disorder (i.e., autism), Asperger disorder, and pervasive 
developmental disorder-not otherwise specified (PDD-NOS) 
( 2 — 4 ). Persons with Asperger disorder or PDD-NOS have fewer 
diagnostic symptoms of ASDs compared with autism, and the 
symptoms often are indicative of more mild impairment. The 
complex nature of these disorders, the current lack of consis- 
tent and reliable genetic or biologic diagnostic markers, and 
changes in how these conditions are defined and identified 
make evaluating ASD prevalence over time challenging. 

Since the early 1990s, the number of persons receiving ser- 
vices for ASDs has increased substantially ( 5 — 11 ). However, 
identifying children for services for autism might not be 
equivalent to using consistent diagnostic standards to identify 
persons in the population because services within communities 
are not available uniformly to all persons with ASDs. For this 
reason, studies that rely exclusively on single-source administra- 
tive datasets (e.g., disability service records or annual reports 
of special education counts) most likely underestimate ASD 
prevalence and might not adequately capture changes in the 
ASD population over time ( 8 , 12 — 14 ). 

Before the 1980s, the term “autism” was used primarily to 
refer to autistic disorder and was thought to be rare, affect- 
ing approximately one in every 2,000 (0.5%) children ( 2 , 3 ). 
Autism now is considered to be one of three disorders classi- 
fied together as ASDs ( 4 ). Using diagnostic criteria established 
in the early 1990s, which encompass a broad spectrum of 
disorders ( 15 , 16 ), the best estimate of ASD prevalence is that 
approximately six or seven of every 1,000 (0.6%-0.7%) chil- 
dren have an ASD. These estimates are approximately 1 0 times 
higher than estimates using earlier criteria ( 2 — 4 , 12 ). However, 
some recent population-based studies have documented even 
higher ASD prevalence estimates of >1% of children in areas 



of Japan, Sweden, the United Kingdom, and the United States 
( 12 , 17 — 21 ), with ASD symptoms identified in 2.7% of chil- 
dren in one study from Norway ( 22 ). 

Elevated public concern, continued increases in the number 
of children receiving services for ASDs, and reports of higher- 
than-expected ASD prevalence highlight the need for system- 
atic public health monitoring of ASDs ( 23 ). For this reason, 
in 2000, CDC organized the Autism and Developmental 
Disabilities Monitoring (AD DM) Network to provide a better 
understanding of the prevalence, population characteristics, 
and public health impact of ASDs and other developmental 
disabilities in the United States ( 4 , 23 ). The ADDM Network 
employs a multisite, multiple-source, records-based surveillance 
methodology to conduct detailed retrospective screening and 
review of behavioral data from multiple education and health 
facilities. Administrative records of children who have been 
evaluated for a range of developmental conditions are reviewed, 
and standard criteria for case identification and confirmation 
are applied at each of the surveillance sites ( 1 , 24 ). 

Two surveillance summaries presenting ADDM Network 
ASD prevalence data for 2000 and 2002 have been published 
previously ( 4 , 12 ). These first two ADDM prevalence reports 
served to establish baseline prevalence for ASDs among U.S. 
children aged 8 years. Prevalence for those reports was calcu- 
lated by race/ethnicity, sex, and multiple ASD-associated char- 
acteristics (e.g., cognitive impairment) on the basis of data from 
six sites* in 2000 and from 14 sites ' in 2002. Overall prevalence 
estimates for both surveillance years were comparable (6.7 and 
6.6 cases per 1,000 children aged 8 years in 2000 and 2002, 
respectively). Among the participating sites, ASD prevalence 
in 2000 ranged from 4.5 cases per 1 ,000 children aged 8 years 
in West Virginia to 9.9 cases in New Jersey, compared with 3.3 
cases in Alabama to 10.6 cases in New Jersey in 2002. From 
2000 and 2002, prevalence of identified cases of ASDs was 
stable in four of the six sites (Arizona, Maryland, New Jersey, 
and South Carolina) that collected data in both years and 
increased in two sites (Georgia and West Virginia). 



* Areas of Arizona, Georgia, Maryland, New Jersey, South Carolina, and West 
Virginia. 

fAreas of Alabama, Arizona, Arkansas, Colorado, Georgia, Maryland, Missouri, 
New Jersey, North Carolina, Pennsylvania, South Carolina, Utah, West Virginia, 
and Wisconsin. 
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This report presents results for 2006 from 1 1 AD DM Network 
sites 5 and describes updated ASD prevalence overall and by 
race or ethnicity, sex, level of cognitive functioning, ASD sub- 
type, and multiple associated characteristics. Because 10 sites 
(Alabama, Arizona, Colorado, Georgia, Maryland, Missouri, 
North Carolina, Pennsylvania, South Carolina, and Wisconsin) 
also collected data on ASD prevalence in 2002 (22), changes 
in identified ASD prevalence in these sites are also reported. In 
addition, data for an additional surveillance year, 2004, were 
collected by eight sites. J The 2004 surveillance year represented 
an effort on a smaller scale that was conducted by sites with avail- 
able resources to collect an additional surveillance year of data. 
Results for 2004 have been summarized (see Appendix). 

Methods 

Surveillance Methods 

The AD DM Network’s methodology (Figure 1) is modeled 
on that used by CDC’s Metropolitan Atlanta Developmental 
Disabilities Surveillance Program (MADDSP), an active, 
population-based surveillance program that monitors the 
occurrence of developmental disabilities through retrospective 
record review among children aged 8 years in the metropolitan 
Atlanta area (1,25-27). Although ASD symptoms typically 
are present in the first 3 years of life, identification often is 
not made not until later; previous surveillance efforts have 
identified age 8 years as a reasonable index age at which to 
monitor peak prevalence for ASDs (2). The ADDM Network 
implemented the MADDSP methodology using a common 
case definition and standardized data abstraction, clinician 
review, and quality assurance procedures. 

Study Sites 

ADDM site project teams are located at state health depart- 
ments or at universities working on behalf of their state health 
departments to collect or receive information used for protect- 
ing public health. Sites were selected through a competitive 
objective review process on the basis of their ability to conduct 
active ASD records-based surveillance; they were not selected 

^ Areas of Alabama (32 counties in north and central Alabama), Arizona (one 
county, including metropolitan Phoenix), Colorado (1 county in metropolitan 
Denver), Florida (one southern county), Georgia (the CDC site in five coun- 
ties in metropolitan Atlanta), Maryland (six counties in suburban Baltimore), 
Missouri (five counties in metropolitan St. Louis), North Carolina (10 central 
counties), Pennsylvania (one county in metropolitan Philadelphia), South 
Carolina (23 counties in the Coastal and PeeDee regions), and Wisconsin (10 
counties in south eastern Wisconsin). 

^ Areas of Alabama, Arizona, Georgia, Maryland, Missouri, North Carolina, 
South Carolina, and Wisconsin. 



to be a nationally representative sample. Each site met appli- 
cable local Institutional Review Board and/or other privacy 
and confidentiality requirements. 

Study Sites and Population Characteristics 

During 2006, CDC and 10 site project teams collaborated 
in monitoring reported occurrence of ASDs in selected areas 
of 11 states (Table 1). On the basis of postcensal estimates, 
the number of children aged 8 years in the 1 1 surveillance 
sites ranged from 7,184 in Colorado to 46,621 in Georgia 
(28). Distribution according to race/ethnicity among children 
aged 8 years varied across surveillance sites. The percentage 
of non-Hispanic white children residing in each surveillance 
area ranged from 23.3% in Maryland to 69.7% in iAlabama; 
the percentage of non-Hispanic black children ranged from 
5.4% in Arizona to 50.1% in Pennsylvania; the percentage of 
Hispanic children ranged from 2.9% in Missouri to 52.3% 
in Florida; the percentage of Asian/ Pacific Islander children 
ranged from 1 . 1 % in jAlabama to 5 . 8% in Georgia; and the per- 
centage of jAmerican Indian/Alaska native children was <0.6% 
in all sites except Arizona (with 2.2%). The breakdown by sex 
was similar across sites, with approximately equal distribution 
of male and female children. 

Case Definition 

For surveillance purposes, children who were born in 1998 
whose parent(s) or legal guardian(s) resided in the site’s geo- 
graphic region (Table 1) at any time in 2006 were classified 
as having an ASD if they displayed behaviors documented 
in evaluation records by a community professional that were 
consistent with the Diagnostic and Statistical Manual of Mental 
Disorders, 4th Edition, Text Revision (DSM-IV-TR) criteria (15) 
for the subtypes of autistic disorder, PDD-NOS (including 
atypical autism), or Asperger disorder at any time through age 
8 years. An evaluation record was defined as the documented 
record of an assessment conducted by a community profes- 
sional to determine the need for special education services or 
the presence of a developmental disorder. The assessments 
could be conducted at any time in the child’s life through 
age 8 years. A community professional was defined as a clini- 
cal or education professional with specialized training in the 
observation of children with developmental disabilities (e.g., 
a developmental pediatrician, child psychiatrist, pediatric 
neurologist, clinical or developmental psychologist, or speech 
or language pathologist). The case definition focuses on iden- 
tifying the behaviors consistent with the presence of any ASD 
rather than on attempting to identify specific ASD subtypes. 
Children were classified as having cognitive impairment if 
they had an intellectual quotient (IQ) score of <70 on their 
most recent test of intellectual ability available in the record. 
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FIGURE 1. Surveillance methodology flowchart — Autism and Developmental Disabilities Monitoring (ADDM) Network, United States 




* International Classification of Diseases, 9th Revision. 

t Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision. 

§ All ADDM sites conducting cerebral palsy surveillance are conducting linkage of cases with vital statistics death certificates. If feasible, sites conducting 
ASD and intellectual development surveillance also conducted this death certificate linkage. For sites that completed this linkage no ASD cases were 
identified. 

II Georgia and North Carolina did not review special education records of children whose only exceptionality was speech and language impairment (SLI). 
A sample of children in SLI indicated that this decision had minimal effect on prevalence estimates. 



